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PRECEDING  PA3*i>tiJ0UN0T  FILMED 


ABSTRACT 


The  Product  Improvement  Test  of  the  U-8F  Airplane  (ECP-BEA-L23- 
138)  was  conducted  by  the  US  Army  Aviation  Test  Board  (USAAVNTBD) 
during  September  and  October  1964.  Deicing  tests  were  conducted  under 
artificially- induced  ice  conditions.  Instrumented  tests  were  conducted 
at  the  Beech  Aircraft  Company  by  Beech  personnel.  It  was  found  that 
the  EC  P- BEA- L2  3 - 1 38  Retrofit  Kit  was  capable  of  anti-icing  and  deicing 
the  windshield  and  propellers  of  the  U-8F  airplane;  the  test  system  was 
functionally  suitable,  the  generating  system  was  capable  of  providing 
300  amperes  per  generator;  components  of  the  test  system  were  com- 
patible with  each  other  and  with  the  U-8F;  a special  tool  was  required  to 
remove  the  rearmost  generator  mounting  nuts;  noise  suppression  de- 
vices did  not  reduce  noise  level  in  radio  compass  to  an  acceptable  level; 
and  maximum  tamperature  in  the  a Tonic  compartment  or  radome  was 
149.8  F.  at  95®F.  ambient  temperature.  It  was  recommended  that  the 
shortcomings  be  corrected;  propeller  deicing  time  be  modified  to  pro- 
vide 80-second  cycling;  and  the  special  tool  required  to  remove  rear- 
most generator  mounting  bolts  be  procured  with  the  retrofit  kits. 
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UNITED  STATES  ARMY  AVIATION  TEST  BOARD 
Fort  Rucker,  Alabama  36362 

FINAL  REPORT  OF  TEST 
USATECOM  PROJECT  NO.  4-4-1004-01 
PRODUCT  IMPROVEMENT  TEST  OF  THE  U-8F 
(ECP-BEA-L23-  138) 

SECTION  1 - GENERAL 

1.1.  REFERENCES. 

A list  of  references  is  contained  in  appendix  I. 

1. 2.  AUTHORITY. 

1.2.1.  Directive. 

Letter,  AMSTE-BG,  US  Army  Test  and  Evaluation  Command, 
14  April  1964,  subject:  "Test  Directive  for  ECP- BEA- L23-  1 38  Pro- 
totype, " with  two  inclosures. 

1.2.2.  Purpose. 

To  determine  changes  required  in  the  proposed  ECF-BEA- 
L23-138  retrofit  kits. 

1.3.  OBJECTIVES. 


To  determine: 

a.  Compatibility  and  capability  of  the  proposed  retrofit  com- 
ponents . 

b.  Functional  suitability  of  the  proposed  retrofit  kit. 

c.  Maintenance  requirements  of  the  proposed  retrofit  kit. 
1.4.  RESPONSIBILITY. 


The  US  Army  Aviation  Test  Board  (USAAVNTBD)  was  respon- 
sible for  conducting  the  test  and  submitting  the  report  of  test. 
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1.5.  DESCRIPTION  OF  MATERIEL. 


The  ECP-BEA-L23- 138  proposed  retrofit  kit  consists  of  two  300- 
ampere  d.  c.  generators,  a 750-volt- ampere  inverter,  two  electro- 
thermal windshield  sections,  six  propeller  boots,  and  two  modified 
propeller  spinner  bulkheads. 

1.5.  1.  The  generating  system  consists  of  the  two  300-ampere,  brush- 
less generators  (figure  1)  with  integral  silicon- controlled  rectifier 
voltage  regulators,  two  control  panels,  and  associated  wiring  harnesses. 
The  control  panels  are  designed  to  provide  system  current- regulation, 
reverse-current,  and  over-voltage  protection.  The  generating  system 
weighs  137.  6 pounds  and  has  a rating  of  100  amperes  at  1000  engine 
r.  p.  m.  (2600  generator  r.p.m.  ) and  300  amperes  at  1500  engine  r.p.m. 
(3900  generator  r..p.  m.  ) and  above. 

1.5.2.  Generator , 

1.5.  2.1.  The  ECP-138  power  source  is  a brushless  hetropolar  inductor 
alternator  with  a silicon- controlled  rectifier  regulator. 

1. 5.  2.  2.  The  alternator  consists  of  a stator  with  field  and  output 
windings  and  a rotor.  The  four  field  windings  are  contained  in  large 
slots  in  the  stator  ninety  degrees  apart.  The  output  windings  are  con- 
tained in  36  small  slots  around  the  periphery  of  the  stator  and  adjacent 
to  the  field  windings  in  the  360-degree  position.  The  rotor  consists  of 
magnetic  iron  punchings  secured  to  a vibration  dampening  shaft.  It  is 
similar  to  a standard  a.  c.  generator  rotor  without  the  windings  and 
commutator. 

1.5.  2.  3.  The  voltage  regulator  controls  the  field  power  of  the  generator 
with  the  silicon- controlled  rectifiers.  The  percentage  of  time  the  con- 
trolled rectifier  is  turned  "on"  determines  the  average  field  voltage  ap- 
plied to  the  generator  and  subsequently  the  generator  output. 

1.  5.2.4.  Battery  current  is  required  initially  for  the  field  windings. 
After  the  generator  begins  to  produce  current,  a portion  of  that  current 
is  directed  to  the  field  winding.  D.  c.  current,  acting  through  the  field 
windings  in  the  large  stator  slots,  increases  the  flux  flow  around  the 
periphery  of  the  stator  and  through  the  rotor.  The  flux  influences  rotor 
poles  to  switch  polarity  each  ninety  degrees  creating  cyclic  variation  of 
the  flux  to  produce  a.  c.  output. 
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Figure  2.  Modified  propeller  spinner  bulkhead 
showing  slip  rings. 


Figure  1.  Brushless  generator  installed 


on  U-8F  Airplane 
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1. 5.2.5.  The  a.c.  output  is  fed  into  the  six  silicon  rectifiers  and  con- 
verted to  d.  c.  current. 


1.5.3.  A 750-volt  ampere  inverter  (Federal  Stock  No.  6125-660-8100) 
is  substituted  for  the  previously  installed  250- volt  standby  inverter. 


1.5.4.  The  windshields  are  tempered  plate  glass  with  thermostatically- 
controlled  heating  elements.  A three-position  switch  allows  activation 
of  the  elements  of  both  pilot  and  copilot's  windshields  (50  amperes),  or 
the  elements  of  pilot's  windshield  only  (25  amperes).  The  windshields 
are  capable  of  continuous  operation  in  either  mode. 


1. 5.  5.  The  propeller  deicing  system  uses  abrasion  resistant  neoprene 
boots  with  two  embedded  heating  elements  on  each  propeller  blade.  The 
inner  heating  elements  on  the  propeller  blades  are  connected  in  series. 
The  outer  heating  elements  of  the  blades  are  also  connected  in  series. 

A cyclic  timer  provides  current  in  sequence  to  outer  elements  of  the  pro- 
peller, inner  elements  of  the  same  propeller;  outer  elements  of  second 
propeller,  inner  elements  of  second  propeller.  The  cycle  is  then  re- 
peated. During  a two-minute  cycle,  each  of  the  four  boot  sections,  inner 
and  outer,  are  heated  for  30  seconds  in  sequence.  Operation  of  the  sys- 
tem requires  15  amperes.  The  propeller  deicing  system  is  capable  of 
continuous  operation. 


1.5.6.  The  modified  propeller  spinner  bulkhead  has  three  slip  rings 
(figure  2)  which,  together  with  three  carbon  blocks  (brushes)  mounted  on 
the  engine,  provide  the  electrical  circuit  to  the  propeller  deicing  boots. 


1.6.  BACKGROUND. 

1.  6.  1.  In  May  1962,  the  USAAVNTBD  evaluated  electro- thermal, al- 
cohol, and  pneumatic  boot  deicing  and  anti-icing  systems  (reference  6). 
Wing  and  empennage  pneumatic  boots  and  electrically-heated  windshields 
and  propeller  cuffs  were  found  to  be  the  more  desirable  systems,  and 
were  recommended  for  retrofit  on  U-8F  aircraft.  The  electrical  current 
required  for  the  thermal  deicing  systems  and  for  future  avionic  installa- 
tion necessitated  a larger  generating  system.  ECP- BEA- L23- 1 38  was 
submitted  to  satisfy  these  requirements. 
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1.  6.  2.  During  the  conduct  of  the  product  improvement  testing,  the  U-8 
Project  Manager's  Office  requested  that  the  USAAVNTBD  measure  tem- 
peratures within  the  avionic  compartment  and  radome  of  the  U-8F.  These 
tests  were  to  be  conducted  with  the  aircraft  parked  in  an  area  having  a 
high  ambient  temperature. 


1.7.  FINDINGS. 


1.7.  1.  The  ECP-BEA-L23- 1 38  Retrofit  Kit  was  capable  of  anti-icing 
and  deicing  the  windshield  and  propellers  of  the  U-8F  airplane. 

1.7.2.  The  test  system  was  functionally  suitable. 

1.7.2.  1.  A one-minute  timing  cycle  (15  seconds  per  propeller  section) 
and  a two- minute  timing  cycle  (30  seconds  per  propeller  section)  removed 
the  propeller  ice  under  test  conditions. 


1.7.  2.  2.  A 52- second  timing  cycle  (13  seconds  per  propeller  section) 
did  not  remove  the  propeller  ice  under  test  conditions. 


1.7.  2.  3.  Activation  of  electrically-heated  windshields  after  entry  into 
icing  conditions  cleared  ice  from  the  heated  portion  of  the  windshield. 

1.  7.  3.  The  generating  system  was  capable  of  providing  300  amperes  per 
generator. 

1.7.4.  Components  of  the  test  system  were  compatible  with  each  other 
and  with  the  U-8F  airplane. 

1.7.5.  A special  tool  was  required  to  remove  the  rearmost  generator 
mounting  nuts. 

1.7.6.  Noise  suppression  devices  did  not  reduce  noise  level  in  radio 
compass  to  an  acceptable  level. 


1.  7.7.  Maximum  temperature  in  the  avionic  compartment  or  radome 
was  149.  8°F.  at  95°F.  ambient  temperature. 


1.8.  CONCLUSIONS. 


1.8.1.  The  ECP-BEA-L23-  138  Retrofit  Kit  is  suitable  for  Army  use. 

1.8.2.  Correction  of  the  shortcomings  listed  in  appendix  II  would  en- 
hance the  functional  suitability  of  the  ECP-BEA-L23- 1 38  Retrofit  Kit. 

1.8.3.  An  80- second  propeller-boot  timing  cycle  (20  seconds  per 
propeller  section)  should  be  used. 

1.9.  RECOMMENDATIONS. 

It  is  recommended  that: 

1. 9.  1.  The  shortcomings  listed  in  appendix  II  be  corrected. 

1.9.2.  Propeller  deicing  time  be  modified  to  provide  80- second 
cycling. 


1.9.3.  The  special  tool  required  to  remove  rearmost  generator 
mounting  bolts  be  procured  with  retrofit  kits.  Tool  specifications 
are  contained  in  figure  6,  section  2. 


SECTION  2 - DETAILS  AND  RESULTS  OF  SUB -TESTS 


2 0.  INTRODUCTION, 

2.  0.  1.  The  test  system  was  installed  in  a US  Army  U-8F  airplane, 
serial  number  62-3864,  by  the  airframe  manufacturer  and  was  released 
to  the  US  Army  Aviation  Test  Board  (USAAVNTBD)  on  26  August  1964. 
The  system  was  flight  tested  for  107  hours  during  September  and 
October  1964.  Deicing  tests  were  conducted  under  artificially  - induced 
icing  conditions.  Natural  icing  conditions  encountered  were  not  suffi- 
cient to  provide  valid  test  data. 


2.  0.  2.  Instrumented  tests  were  conducted  at  the  Beech  Aircraft 
Company  by  Beech  personnel.  USAAVNTBD  personnel  monitored 
these  tests  and  provided  data  from  USAAVNTBD  flight  tests  concerning 
system  failure  and  generator  paralleling. 


2.  1.  CAPABILITY  AND  COMPATIBILITY. 

2 , 1 . 1 . Objective . 

2.  1.  1.  1,  To  determine  the  capability  of  the  EC P- BEA- L2 3 - 1 38 
Retrofit  Kit  for  anti-icing  and  deicing  on  the  U-8F  Airplane. 

2.  1.  1.  2.  To  determine  the  compatibility  of  the  ECP  - BEA- L2  3 - 1 38 
Retrofit  Kit  components  with  each  other  and  with  the  U-8F  Airplane. 


2.  1 2.  Method. 


Voltmeters  and  ammeters  were  installed  on  each  generator 
and  on  the  aircraft  main  d.c.  bus  to  monitor  output.  The  right 
generator  was  equipped  with  15  thermocouples  to  measure  heating 
of  various  components  during  operation.  A type  T545A  oscilloscope 
was  used  to  monitor  and  record  transients  during  switching  and  nor- 
mal operation.  Selected  loads  were  applied  to  the  generator  system 
using  GLB-3A  load  banks.  Throughout  the  test,  aircraft  communica- 
tion, navigation,  and  other  electrical  systems  were  monitored  for  any 
signs  of  abnormal  operation. 
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2 . 1 . 3 . Result?. 

Complete  test  results  (from  which  paragraphs  2.  1.3.  1.  through 
2.  1.3.6,  and  2.  1.3.8.  through  2.  1.3.  12.  were  obtained)  are  contained 
in  appendix  III. 

2.  1.3.  1.  Neither  system  was  deliberately  faulted  to  obtain  reaction  of 
the  second  system;  however,  one  system  did  fail  during  flight  under  IFR 
conditions  and  the  remaining  system  assumed  the  entire  load. 

2.  1.3.2.  The  generators  operating  independently,  or  in  combination, 
maintained  design  voltage  at  the  main  aircraft  bus. 

2.  1.3.  3.  System  transients  did  not  cause  equipment  to  become  in- 
operable  or  induce  overheating. 

2.  1.3,4.  Each  generator  was  capable  of  supplying  4-10  amperes  at 
750  engine  r.p.m.  (1950  generator  r.p.m. ),  and  100  amperes  at  1000 
engine  r.p.m.  (2600  generator  r.p.m.). 

2.  1.  3.  5.  A single  generator  provided  up  to  125  amperes  at  manufac- 
turer's recommended  idle  speed,  1000  engine  r.p.m.  (2600  generator 
r.p.m.).  Load  sharing  was  within  manufacturer's  specifications  during 
instrumented  tests. 

2.  1.3.6.  Generators  were  tested  to  a maximum  of  3200  engine  r.p.m. 
(8320  generator  r.p.m.).  Maximum  single  generator  output  at  this 
r.p.m.  was  300  amperes.  To  prevent  overloading  one  generator,  the 
maximum  total  output  that  was  obtained  was  592  amperes.  Load  sharing 
was  within  manufacturer's  specifications  during  instrumented  tests. 

2.  1.3.  7.  Loading  sharing  was  a problem  for  the  first  44  hours  of  the 
service  test:  three  attempts  were  made  to  provide  closer  paralleling. 
These  attempts  were  unsuccessful.  After  failure,  of  No.  I generator, 
the  manufacturer  reworked  the  generators  and  regulators,  and  paral- 
leling was  acceptable  for  the  last  63  hours  of  test. 

2.  1.  3.  8.  Cooling  air  temperature,  on  exit  from  the  generator,  was  not 
excessive. 

2.  1.3.  9.  Maximum  allowable  temperature  for  the  right-hand  generator 
bearing  was  exceeded  during  ground  tests. 

2.  1.3.  10.  Generator  cooling  was  normal  after  engine  shutdown,  and  no 
heat  soakback  was  encountered. 
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2.  1.3.  11  Current  output  and  loading  sharing  were  not  affected  by  altitude 
No  detrimental  transient  effects  were  noted. 

2.  1,  3.  12.  Engine  compartment  ambient  temperatures  during  instru- 
mented tests  varied  from  -1°  to  +100°F. 


2.  1.4.  Analysis 


2.  1.4.  1.  Modifications  were  made  to  the  voltage  regulators  to  preclude 
reoccurrence  of  failures  experienced  during  the  first  44  hours  of  service 
test  After  modifications,  repair,  and  recalibration  of  generators  and 
regulators,  no  maintenance  was  required  during  the  remaining  63  hours 
of  testing. 

2 1.4  2 Excessive  bearing  temperatures  did  not  degrade  the  system, 
since  they  occurred  only  while  current  in  excess  of  490  amperes 
was  being  produced  at  1200  r.p.m. 


2.2.  FUNCTIONAL  SUITABILITY 


To  determine  the  functional  suitability  of  the  Proposed  ECP 


Retrofit  Kit 


poses,  was  drawn  from  the  drum  into  tne  pump  ana  expeiiea  irom  uic 
spray  head  under  pressure.  Icing  tests  were  conducted  at  -1°  to  -3  C 

2.  2.  2.  3.  The  test  airplane  was  flown  into  the  water  spray  with  propel- 
ler deicing  equipment  turned  off  to  insure  that  ice  would  accumulate  on 
the  propeller  blades.  After  formation  of  ice  on  propeller  blades,  the 
propeller  deicing  equipment  was  activated.  The  timing  cycle  was  then 
manually  varied  to  determine  the  shortest  cycling  period  which  would 
clear  the  ice  from  the  propeller.  Presence  of  propeller  ice  and  degret 
of  cycle  efficiency  was  determined  by  stopping  the  right  engine,  on  whi 
tests  were  conducted,  and  visually  inspecting  propeller  blades  from  the 
copilot's  window.  All  deicing  systems  were  operated  individually  and 
in  combinations  to  determine  any  unfavorable  electromagnetic  interfer- 
ence characteristics.  Navigation  instruments  were  monitored  during 
visual  flight  conditions  After  classification  of  interference,  flights 
were  made  under  instrument  conditions  with  the  equipment  operating 
in  all  combinations. 
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2.  2.  3.  Results . 


2.  2.  3.1.  Propeller  Boot  Deicing  Cycling  Frequency. 


Airframe  icing  condition  intensity  was  a function  of  distance 
of  test  aircraft  from  spray  head  and  subsequent  water  particle  dispersion. 
Approximately  one  inch  of  ice  was  accumulated  on  the  airframe  during  a 
12 -minute  spray  run.  The  maximum  amount  of  ice  observed  on  the  pro- 
peller blades  was  1/4  inch. 


2.  2.  3.  1.  1.  The  standard  automatic  cycling  period  of  two  minutes  cleared 
the  ice  from  the  propeller  boots  under  test  conditions. 

2.  2.  3.  1.  2.  A one-minute  cycling  period  cleared  the  ice  from  propeller 
boots  under  test  conditions. 

2.  2.  3.  1.  3.  A 52-second  cycling  period  did  not  clear  the  ice  from  the 
propeller  boots  under  test  conditions. 


Figure  3.  Black  lines  denote  heated  area  of  windshield 
and  the  cleared  area  denotes  wiper  coverage. 
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2.  2.  3.  2.  Electrically-Heated  Windshield. 


Activation  of  electrically-heated  windshields  after  entry  into 
icing  conditions  cleared  ice  from  the  heated  portion  of  windshield.  The 
following  shortcomings  were  noted: 

2.  2.  3.  2.  1.  Windshield  heating  element  had  a reflective  outer  surface 
which  produced  a glare  when  flying  into  the  sun. 

2.  2.  3.  2.  2.  Heated  portion  of  windshield  did  not  correspond  to  the  area 
cleared  by  the  windshield  wiper  (figure  3). 

2.  2.  3.  2.  3.  The  windshield  wiper  blades  froze  to  the  unheated  portion  of 
the  windshield.  Ice  formation  on  the  unheated  portion  of  the  windshield 
raised  the  wiper  blades  and  prevented  contact  between  the  blades  and 
windshield.  Actuation  of  the  windshield  wipers  while  the  blades  were 
frozen  to  the  windshield  displaced  the  blades  90  degrees  and  prevented 
them  from  wiping  the  windshield. 

2.  2.  3.  2.  4.  Initial  activation  of  the  electric  windshield  sometimes  caused 
a barely  discernible  blanking  of  the  AN/APN-158  weather  radar  scope. 

2.  2.  3,  3.  Electronic  Interference. 


Components  of  the  voltage  regulator  in  the  generator  systems 
introduced  static  noise  in  the  low  band  of  the  AN/ARN-59  radio  compass 
on  loop  and  ADF  positions.  The  generator  manufacturer  attempted  to 
reduce  the  noise,  first  by  the  installation  of  two  small  filters  in  the  regu- 
lator circuit  of  each  generator,  and  later  by  winding  a grounded  number 
16  wire  around  the  cables  from  the  generator  to  the  main  aircraft  bus. 
These  two  modifications  did  not  discernibly  attenuate  the  noise  in  the  low 
band  of  the  radio  compass.  The  two  capacitors  were  then  removed  from 
the  regulator  circuit  and  a "noise  suppressor"  was  installed  in  each 
generator  circuit.  These  devices  weighed  five  pounds  each  and  decreased 
the  static  noise  slightly.  Prior  to  installation  of  the  manufacturer's  three 
modifications  to  the  generating  systems,  the  maximum  range  at  which 
usable  information  could  be  obtained  from  the  loop  position  of  the  radio 
compass  was  approximately  eight  miles.  With  the  ground  wire  and  noise 
suppressor  installed,  usable  information  could  be  obtained  from  the  loop 
position  up  to  twelve  miles.  Operation  of  the  Automatic  Direction  Finding 
function  of  the  radio  compass  was  not  discernibly  affected  by  the  noise  of 
the  loop  and  ADF  positions. 
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. Effect  on  Navigation  Equipment. 


Generators  created  noise  on  low  band  of  the  radio  compass. 
Initial  activation  of  the  electrically-heated  windshield  occasionally  caused 
a faint  blanking  of  the  AN/APN-158  weather  radar  scope. 

2.2.4.  Analysis. 

2.  2.4.  1.  To  insure  removal  of  ice  under  more  extreme  temperature 
conditions  than  were  available  for  test,  an  80-second  deicing  cycle  should 
be  used. 

2.  2.4.  2.  The  increased  use  and  reliability  of  modern  navigational  aids 
have  reduced  the  requirement  for  manual  loop  operation.  Therefore, 
the  installation  of  the  partially  successful  noise  suppressors  is  not  rec- 
ommended because  of  the  weight  penalty. 

2.  3.  MAINTENANCE  REQUIREMENTS. 

2.  3.  1.  Objective. 

To  determine  maintenance  requirements  of  the  proposed  retro- 
fit kit. 

2.3.2.  Method. 

All  scheduled  and  unscheduled  maintenance  on  the  retrofit  kit 
was  recorded  and  the  need  for  special  tools  noted.  All  component  main- 
tenance was  performed  by  the  manufacturer.  Unscheduled  maintenance 
performed  on  the  retrofit  kit  was  confined  to  the  voltage  regulators  and 
propeller  boots.  Modifications  were  made  to  the  system  in  an  attempt 
to  attenuate  the  noise  on  the  low  band  of  the  radio  compass.  Results  of 
these  modifications  are  contained  in  paragraph  2.  2.  3.  3. 

2.  3.  3.  Results . 

2.  3.  3.  1.  Voltage  Regulators. 

2.  3.  3.  1.  1.  Manufacturer's  specifications  indicated  that  generators 
should  parallel  within  ten  percent  of  the  total  rated  current  (60  amperes). 
Generators  were  paralleling  within  twenty  amperes,  with  an  induced 
load  of  eighty  amperes,  during  ferry  flight  from  Beech  Aircraft  Com- 
pany to  Fort  Rucker,  Alabama.  Upon  arrival  at  Fort  Rucker,  a 
periodic  inspection  was  made  on  the  aircraft.  During  this  inspection, 
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personnel  unfamiliar  with  the  generators  attempted  to  parallel  the 
generators  more  closely  This  resulted  in  the  number  one  generator 
assuming  the  total  electrical  load.  When  the  number  one  generator 
was  removed  from  the  line,  the  number  two  generator  carried  the  total 
load  effectively. 

2.  3.  3.  1.  2.  A manufacturer's  technical  representative,  dispatched 
to  Fort  Rucker  to  supervise  the  installation  of  noise  filters  on  the  sys- 
tem, was  able  to  adjust  the  regulators  so  that  the  generators  again 
shared  the  load  within  the  manufactur er ' s limits.  Enroute  to  artificial 
icing  tests,  the  number  one  generator  assumed  the  total  load.  All 
electrical  equipment  in  the  aircraft  was  activated  in  an  attempt  to  bring 
the  number  two  generator  back  into  service  This  effort  was  unsuccess- 
ful and  the  number  two  generator  came  on  only  when  the  number  one 
generator  was  de-energized.  During  the  next  sixteen  hours  and  forty 
minutes,  the  electrical  power  source  was  alternated  by  manipulating 
the  generator  switches;  the  generators  did  not  produce  power  simultane- 
ously. 

2.  3.  3 1.  3.  After  completion  of  the  artificial  icing  tests,  and  upon 
discovery  of  the  slipped  propeller  spinner  and  severed  deicing  boots 
(figure  4)  on  the  number  one  propeller,  the  test  aircraft  was  flown  to 
Beech  Aircraft  Company  for  repair  of  the  boots.  After  installation  of 
new  deicer  boots,  Beech  Aircraft  Company  electricians,  following  tele- 
phonic instructions  from  the  generator  manufacturers,  attempted  to 
parallel  the  generators.  During  this  at'empt  the  voltage  adjusting  mech- 
anism on  the  number  two  generator  voltage  regulator  failed.  The  aircraft 
was  then  flown  to  an  airport  near  the  generator  manufacturer's  plant 
in  Waynesbor  ough,  Virginia  The  voltage  regulator  of  the  number  two 
generator  was  replaced,  and  both  regulators  were  adjusted  to  parallel 
the  generators  within  the  manufacturer's  specifications. 

2 3.  3 1.4  During  a two -hour  flight  to  Bridgeport,  Connecticut,  the 
number  two  generator  output  decreased  to  approximately  five  amperes. 

At  this  time  the  number  one  generator  was  supplying  approximately  65 
amperes  During  the  next  eight  hours  and  forty  minutes  of  flight,  the 
paralleling  ranged  from  60/10  ampere  sharing  (under  actual  IFR  condi- 
tions) to  1 10/80  ampere  sharing  (which  occurred  with  all  aircraft  electri- 
cal system  activated  and  the  aircraft  landing  gear  being  cycled  up).  Nine 
hours  and  forty  minutes  after  the  manufacturer  had  adjusted  the  generators 
and  during  flight  under  actual  IFR  conditions,  the  number  one  genera'or 
went  off  the  line  and  could  not  be  reset.  Prior  to  the  failure,  the  number 
one  generator  had  been  carrying  45  amperes  and  the  number  two  seven 
amperes  When  the  number  one  generator  failed,  the  number  two  carried 
the  load  effectively. 


Figure  4.  Damaged  deicer  boots 


2.  2.  3.  2.  Upon  the  arrival  of  the  test  aircraft  at  Fort  Rucker,  the 
manufacturer's  technical  representative  replaced  the  number  one  gen- 
erator voltage  regulator.  The  replaced  regulator  had  a broken  trans- 
former mount  and  a broken  wire  in  the  regulator  circuit  (figure  5). 
After  replacement  of  the  voltage  regulator,  the  number  one  generator 
still  would  not  produce  current.  The  new  voltage  regulator  was  later 
found  to  be  defective.  Both  generators  (and  regulators)  were  then  re- 
moved from  the  aircraft  and  returned  to  the  manufacturer  for  test,  re 
pair,  and  calibration. 


Figure  5.  Voltage  regulator  showing  transformer 
mount  failure. 


2.  2.  3.  3.  After  reinstallation  of  the  generators,  paralleling  was  within 
limits  during  the  remaining  63  hours  of  the  test.  This  was  established 
by  frequent  readings  of  ammeters  during  normal  and  maximum  possible 
loading  of  the  generating  system. 
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2.  2.  3.  4.  Following  is  a list  of  maintenance  required  during  the  test: 


Date 

Maintenance  Item 

1 Sep  64 

None 

2 Sep  64 

Generator  not  par- 
alleling. 

2 Sep  64 

No.  2 volt-ammeter 
inoperative. 

2 Sep  64 

Low  band  of  radio 
compass  noisy. 

6 Sep  64 

Propeller  spinner 
slipped  and  severed 
propeller  deicer 
boots. 

10  Sep  64 

No.  2 generator 
voltage  regulator 
inoperative. 

13  Sep  64 

No.  1 generator 
inoperative. 

22  Oct  64 

Low  band  of  radio 
compass  noisy. 

23  Oct  64 

Low  band  of  radio 
compass  noisy. 

Man-Hours 


Corrective  Action 

Required 

Attempted  to  par- 
allel generator. 

1:00 

Attempted  to  par- 
allel generator. 

2:00 

Replaced  ammeter. 

4:00 

Installed  capacitors 
in  voltage  regulator 
circuit. 

8:00 

Repositioned  spin- 
ner, retorqued 
propeller,  and 
replaced  boots. 

30:00 

Replaced  and  adjusted 
voltage  regulator. 

12:00 

Both  generator  and 
regulators  removed, 
repaired,  and  rein- 
stalled. 

Unknown 

Installed  ground 
wire. 

U nknown 

Installed  noise 
suppressor s. 

Unknown 

Removal  and  installation  of  the  generators  required  modification  of  an 
existing  5/8-inch  wrench.  The  wrench  specifications  are  contained  in 
figure  6. 
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2.  -1.  ELECTRONICS  COMPARTMENT  AMBIENT  TEMPERATURE. 


2.4.1.  Objective. 

To  determine  highest  ambient  air  and  equipment  temperatures 
inside  avionics  and  radome  compartments  during  static  and  ground 
operating  conditions. 

2.  4.  2.  Method . 

2.  4.2.1.  The  test  aircraft  was  instrumented  with  two  free-air  and  two 
contact  thermocouples  in  the  electronics  compartment,  and  one  free-air 
and  one  contact  thermocouple  in  the  radome.  The  aircraft  free- air 
temperature  gauge  and  a shaded  mercury  thermometer  were  used  for 
reference  purposes.  The  US  Weather  Bureau  at  Phoenix,  Arizona,  and 
the  Marine  Weather  Station  at  Yuma,  Arizona,  provided  official  airport 
temperature,  wind  speed,  and  relative  humidity  at  the  respective  test 
sites. 

2.  4.  2.  2.  Heat  test  number  one:  The  aircraft  was  parked  on  an  asphalt 

parking  ramp  at  Phoenix,  Arizona,  with  all  equipment  turned  off.  Tem- 
perature readings  were  taken  at  each  of  the  six  test  points.  After  a 
temperature  down-trend  was  noted,  engines  were  started  and  normal 
IFR  equipment  operated  for  3 0 minutes  while  temperatures  were  re- 
corded. 


2.  4.  2.  3.  Heat  test  number  two:  The  aircraft  was  parked  on  a concrete 

ramp  at  Yuma,  Arizona.  Initially,  test  readings  were  taken  each  hall 
hour  with  all  equipment  turned  off,  then  all  radios,  radar,  transponder, 
and  inverters  were  operated  for  ten  minutes  using  an  auxiliary  power 
unit  (APU).  At  the  end  of  ten  minutes  of  operation  and  while  equipment 
was  still  operating,  readings  were  taken  again.  At  1030  hours  local  time 
the  APU  failed  and  subsequent  dynamic  tests  were  conducted  with  the  air- 
craft engines  operating  at  1500  r.p.m.  to  provide  electrical  power. 
Dynamic  readings  were  taken  at  15  minutes  past  the  hour  and  static 
readings  were  taken  on  the  half  hour. 
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2.  4.  2.  4.  Thermocouples  were  installed  in  the  following  locations: 
Probe 


Number 

Type 

Location 

1 

Free  Air 

Three  inches  from  roof  directly  over  center 
of  radar  synchronizer. 

2 

Contact 

Top  of  radar  synchronizer  2 inches  back 
from  face. 

3 

Contact 

Top  center  of  radar  RT  unit. 

4 

Contact 

Surface- top  of  antenna  mounting  bracket. 

5 

Free  Air 

Ten  inches  from  roof  directly  over  rear  edge 
of  AN /ARC- 55  RT  unit. 

6 

Free  Air 

Directly  over  wave  guide  swivel,  6 inches 
forward  of  bulkhead. 

2,4.3.  Results. 

Test  results  are  contained  in  figures  7 and  8. 

2.  4.  4.  Analysis . 

During  test  number  2,  temperatures  were  generally  lower 
with  equipment  operating  and  engines  operating  at  1500  r.p.m.  than 
those  recorded  during  static  conditions  at  comparable  temperatures. 
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Note:  After  a temperature  downtrend  was  noted,  engines  were  started  and  all  radios,  radar,  and 
transponders  were  operated  for  30  minutes  while  temperatures  were  recorded. 


TEST  2 


I co  co  • — * co 
| 00  00  0 0 


* — » 04  oo  lt>  — • co  co 
O O O O O C\]  Tf 


i/) 

■rf  Tf  m 


0s  o — ■ 

rf1  cO 


O CO 
cO  04  co 


x in  L 

N N ^ 

"-D 


cO  nO  O O 
CO  00  o o 


,u  04  tp  oo  r- 
r oo  co  oo  oo 

M-t  ' — • 


~ 00  CO 

co  O'  O0  oo  oo  o 


in  O vO  O'  N M \D 

O O OO  N(VJ  N 


04  04  (ni  — < Tt 

0s  0s  O O — < 04  04 


N m o h OX  O 
O O O — 1 O 04 


m m 

CO  CO  CO 


00  04  0s 
04  CO  04 


O 00  —» 
04  04  CO 


co  rO  -h 
CO  CO  CO 


oo  r-  04 

co  ro  ’t 


X)  m m 

co  co  co 


x in  t 

04  04  04 


. ^ U 
O O aj 
04  CO  ■'O 
— 1 — < rtf 
■ — u 

LO 
. U 
O O G 

f-H  ^ -M 

0) 

> 

c 


H N C 


oo  I co  m m 


in  n h m ^ m xo  ^ x -h  m m 

COCO  OOO  — O — « — I 04  04  N 


0—0 

04  CO  co 


co  o o 

CO  COCO 


— — o 


004000  ONN^NXhXX 

o o o o — — — — ro  nj  co  ^ co 


— **  o o o o 
=*=  t-H  ' — 


a a 

£ 

<S  <u  00 
H 


^04 
U ^ CO 


0)  4-> 

> — 

— TJ 

■*-*  — o 

J5  £ ^ 

G 3 

Oh  as 


CO  — O 
■'tf*  rf  cO  1 


N O' 
"t 


04  O O 
^ rO 


— « O 

O O 


'-M 

o 

c 

0 

O 

0 

03 

00 

tJO 

G 

<“ H 

c 

4-> 

•pH 

3 

c 

o 

o 

— 

o 

£ 

o 

NO 

3 

o 

CO 

4-> 

cn 

^•H 

£ 

rtf 

•— H 

Jh 

G 

0 

-O 

H-> 

v-i 

Sh 

G 

rtf 

TJ 

- __ 

G 

G 

G 

on 

? 

c 

1 

^ ctf  ™ 
G £ r- 

H 5 


H*  r- 

oo  oo 


PRSCSDIIC  PA3*i.&ANK-N0T  FILMED 


SECTION  3 


APPENDICES 


APPENDIX  I 


LIST  OF  REFERENCES 


1.  Letter,  AMSTE-BG,  US  Army  Test  and  Evaluation  Command, 

14  April  1964,  subject:  "Test  Directive  for  EC P- BEA- L23 - 1 38 

Prototype,  " with  two  inclosures. 

2.  Plan  of  Test,  USATECOM  Project  No.  4-4-1004-01,  "Product 
Improvement  Testing  of  the  U-8F  (ECP-BEA-L23- 138) , US  Army 
Aviation  Test  Board,  Undated. 

3.  Beech  Aircraft  Corporation  Engineering  Test  Request  No. 

9867  16  April  1964. 

4.  Letter  Report,  ATBG-DT  AVN  1861.  1,  US  Army  Aviation 

Board,  21  April  1961,  subject:  "Evaluation  of  L-23F  Deicing  and 

Anti-icing  Systems.  " 

5.  Letter,  SMOSM-EUU-8,  US  Army  Aviation  Materiel  Command, 
21  April  1964,  subject:  "USATEC  Project  - Task  #4-4-  1004-0 1 , U-8F 
ECP-BEA-L23- 138,  " with  two  inclosures. 

6.  Letter  Report,  ATBG-AC  AVN  1861.  1/62,  US  Army  Aviation 

Board,  2 May  1962,  subject:  "Report  of  Test,  Project  No.  AVN 

1861.  1/62,  Evaluation  of  L-23F  De-icing  and  Anti-Icing  Systems." 

7.  Beech  Aircraft  Corporation  Memorandum  Report  20177, 
"Generator  Temperature  and  Functional  Test  on  Units  Manufactured 
by  General  Electric  Co.  ,"  14  October  1964. 


APPENDIX  II 


SHORTCOMINGS 


Shortcoming 

1.  Generating  system 
produced  noise  in  the 
radio  compass  which  re- 
duced effectiveness  of 
the  loop  antenna. 

2.  Windshield  heating 
element  had  a reflective 
outer  surface  which  pro- 
duced a glare  when  flying 
toward  the  sun. 


3.  Heated  portion  of 
windshield  did  not 
correspond  to  area 
cleared  by  windshield 
wiper. 

4.  Initial  activation  of 
electric  windshield  some- 
times caused  a barely 
discernible  blanking  of 
the  AN/APN- 158 
weather  radar  scope. 

5.  Propeller  spinner 
slipped  and  severed 
propeller  deicing  boots. 

6.  A maintenance  package 
was  not  provided. 


Suggested 
Corrective  Action 

Isolate  and  eliminate 
source  of  noise. 


Coat  windshield  heating 
element  with  non-reflec- 
tive  material. 


Expand  heated  portion 
of  windshield  to  cover 
area  cleared  by  wind- 
shield wiper. 

Isolate  and  eliminate 
source  of  interference. 


The  propeller  boots  be 
modified  to  prevent 
damage  in  the  event  of 
propeller  spinner  slippage. 

Provide  a maintenance 
package. 


Remarks 

None. 


The  coating 
should  not 
appreciably 
degrade  the 
present  de- 
gree of 
visibility. 

None. 


None. 


None. 


None 


I 

APPENDIX  III 

STATISTICAL  DATA  OBTAINED 
FROM  INSTRUMENTED  TESTS 


i All  Test  Meters  Fluctuate  On  Above  Readings 


All  Test  Meters  Fluctuate  On  Above  Readings 


ALTERNATOR  FLIGHT  OPERATION  Memorandum  Repurt  20177 

Figure  12  October  14,  1964 
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APPENDIX  IV  - DISTRIBUTION  LIST 


USATECOM  PROJECT  4-4-  1004-01 
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Commanding  General 

US  Army  Test  and  Evaluation  Command 
ATTN:  AMSTE-BG 

Aberdeen  Proving  Ground,  Maryland 

Commanding  General 
US  Army  Mobility  Command 
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Commanding  General 

US  Army  Aviation  Materiel  Command 

ATTN:  SMOSM-U 

St.  Louis,  Missouri 
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AD Accession  No. 

US  Army  Aviation  Test  Board,  Fort  Rucker,  Alabama.  Final  Report  of 
USATECOM  Project  No.  4-4-1004-01,  Product  Improvement  Test  of  the 
U-8F  Airplane  (ECP- BEA-L23- 1 38),  15  December  1964.  DA  Project 
No.  None.  44  pp.  , 13illus.  Unclassified.  Six  shortcomings  were 
noted  during  the  test.  It  was  recommended  that  the  shortcomings  be 
corrected;  propeller  deicing  time  be  modified  to  provide  8C-  econd  cycling; 
and  the  special  tool  required  to  remove  rearmost  generator  mounting  bolts 
be  procured  with  the  retrofit  kits. 


AD Accession  No._ 

US  Army  Aviation  Test  Board,  Fort  Rucker,  Alabama.  Final  Report  of 
USATECOM  Project  No.  4-4-1004-01,  Product  Improvement  Test  of  the 
U-8F  Airplane  (ECP-BEA-L23- 138),  15  December  1964.  DA  Project 
No.  None.  44  pp.  , 13  illus.  , Unclassified.  Six  shortcomings  were 
noted  during  the  test.  It  was  recommended  that  the  shortcomings  be 
corrected;  propeller  deicing  time  be  modified  to  provide  80- second  cy- 
cling; and  the  special  tool  required  to  remove  r,earmost  generator 
mounting  bolts  be  procured  with  the  retrofit  kits. 


